A digitalis-like compound was detected in human plasma by tritiated ouabain competition binding to the sodium pump. The study comprised analyses of plasma extracts from 17 normal controls, 17 normotensive subjects with one or both parents hypertensive, and 16 patients with untreated essential hypertension.
Introduction
Gradients in concentrations of monovalent sodium (Na4-) and potassium (K+) between intracellular and extracellular fluids stem essentially from the activity of the sodium pump. This transport system plays an important part in regulating several cell functions, including control of cell volume, excitability, and nutrition. The sodium pump may be altered in certain pathological conditions, such as obesity' and essential hypertension2-4 and in various haematological disorders.5 6 Dysfunction of the pump may originate from either intrinsic cell membrane alterations or the action of circulating factor(s) or both. Endogenous pump inhibitors have been described in biological fluids7-'0 and in tissues such as brain"1'-3 and kidney.' 04 These factors appear to be increased by sodium loading and volume expansion both in animals and in man.10-"7 Several clinical and experimental investigations suggest that the reduction in sodium pump activity in primary hypertension may be secondary to an increased activity of such an inhibitor.' "I The resulting increase in intracellular Na+ may be of pathogenic significance.
The Na+-K+ pump is inhibited by digitalis compounds," and specific binding sites for tritiated ouabain (3H-ouabain) have been detected on cell membranes.20 A substance capable of inhibiting the Na+ pump might thus interact with the same sites. We have investigated the existence of such an inhibitor in normotensive and hypertensive subjects.
Materials and methods

PREPARATION OF PLASMA EXTRACT
Venous blood was collected into ice chilled tubes containing heparin and centrifuged for five minutes at a maximum of 3000 g. Red cells and buffy coat were discarded and the plasma boiled immediately in a water bath for 15 minutes. In contrast to other methods2" 22 Since plasma contains potassium ions known to inhibit ouabain binding, preliminary experiments were performed to estimate the variations of the affinity constant in the presence of potassium concentrations up to 1 mmol(mEq)/l. A significant change in affinity was observed only with potassium concentrations higher than 0 25 mmolIl.
Since the physiological plasma potassium concentration ranges from 3-5 to 5 0 mmol/l plasma extracts were analysed at a dilution of 1/20. At that dilution the final Kt concentrations in the incubation medium (1 175 to 0 25 mmol/l) did not interfere with ouabain binding. Physiological concentrations of divalent calcium ions (Ca++) were also observed not to modify ouabain binding. Conversion: SI to traditional units-Ouabain: I nmolll -58 4 ng/l00 ml. normotensive subjects (groups 1 and 2) and one group of patients with untreated essential hypertension (group 3).
Group I comprised 17 normotensive volunteers with no known family history of hypertension. Eleven were men and six women, and their age range was 22-39 years (mean 29-4 (SEM 1-3)). Subjects were selected on the basis of (a) systolic and diastolic blood pressures below 140 and 85 mm Hg, respectively, and (b) blood pressures in relatives never exceeding 160/95 mm Hg. In addition, there was no reported case of hypertension among second degree relatives. Average blood pressure in the group was 121-0 (SEM 3 5)/791 (SEM 2-1) mm Hg.
Group 2 comprised 17 normotensive volunteers with a family history of hypertension. Of these, 10 were male and seven female, and their age range was 12-50 years (mean 32 5 (SEM 2 5)). In every subject at least one parent had high blood pressure. 
Results
Plasma extracts inhibited 3H-ouabain binding to erythrocytes ( fig  1) . This inhibition was due to a decrease in the apparent affinity of ouabain for the Nat pump, with only minor changes in the binding capacity. Such an inhibition is characteristic of a competitive inhibitor The inhibitory effect of plasma extracts was expressed as the KD ratio-that is, the ratio of the apparent affinity constant measured in the presence of the extract to this constant measured in its absence. A high ratio thus indicated potent inhibition of ouabain binding. NORMOTENSIVE 
VOLUNTEERS
The mean KD ratio in the two groups of normotensive subjects was 1 41 (SEM 0-10 (n=91). Twenty seven values ranged between 0 6 and 1-6, but in seven of the 34 subjects the ratio exceeded 1-7. All seven subjects had a family history of hypertension (group 2).
When the two groups of normotensive subjects were considered separately, group 1 (no family history of hypertension) showed a mean KD ratio of 1 15 (SEM 0 07) (n= 16) and group 2 (positive family history) a mean ratio of 1-71 (SEM 0 16) (n = 15). The difference between these values was significant (p < 0 01) despite the wide scatter in group 2 (fig 2) .
PATIENTS WITH ESSENTIAL HYPERTENSION
Plasma extracts from the hypertensive patients inhibited competitive 3H-ouabain binding. Six of the 16 patients tested showed slight inhibitory effects, similar to those of the normotensive subjects with no family history of hypertension, whereas the other 10 plasma extracts were potent inhibitors (fig 2) . The mean KD ratio in the hypertensive patients was 1 83 (SEM 0 21) (n= 16). This value was significantly different from that in the normotensive subjects (p < 0 02).
In the hypertensive patients the inhibition of ouabain binding was independent of age and sex, whereas a slight relation existed with systolic blood pressure (r = 0 44) and there was a significant correlation with urinary sodium output (p < 0-01) (fig 3) . 
Discussion
Several authors have proposed that endogenous inhibitors of the sodium pump have both a physiological role as regulators of sodium reabsorption during Na+ loading or volaemic expansion'5' and a pathogenic role in essential hypertension. 16 Taken by itself the presence of specific binding sites for digitalis compounds in the Na+ pump is an argument for the existence of endogenous pump regulators sharing some structural characteristics with the cardiac glycosides. Our study shows that some plasmas indeed exert an inhibitory effect on ouabain binding. This is compatible with suggestions of the existence of an endogenous pump inhibitor. This inhibitory effect is not mediated by vanadate or calcium ions, which are known endogenous inhibitors of the pump23 24 but do not prevent ouabain binding.25 Potassium ions also cannot be incriminated. The plasma inhibitor of ouabain binding is heat stable, as were other endogenous inhibitors of the Na+ pump described.8 21
The point of clinical interest is the finding of an increased inhibitory effect in many hypertensive patients and some normotensive subjects with one or both parents hypertensive as compared with normotensive controls. The significant inhibition observed in the patients with essential hypertension agrees with other reports of increased levels of inhibitors of Na+-K+-adenosine triphosphatase (ATPase), the enzymatic expression of the sodium pump.21 26
The plasma inhibitory effect on ouabain binding was slightly more pronounced in patients with the highest blood pressures, similar to the findings-in Na`-K+-ATPase inhibition studies.2' A more significant correlation was observed with urinary sodium output: the higher the sodium intake, the greater the inhibition of ouabain binding. This observation, which agrees with previous findings,'6 27 argues for a relation between the sodium pump inhibitor and the regulation of sodium balance.
Our data support the hypothesis of MacGregor and colleagues,26 whereby an important pathological role in hypertension was attributed to an endogenous sodium pump inhibitor. The increase in intracellular sodium resulting from inhibition of the pump could, in excitable cells exhibiting Ca + +-Na + exchange, lead to enrichment of intracellular Ca++, which might represent the basis of the haemodynamic changes of hypertension. Our investigation, however, suggests that the increase in circulating digitalis-like compound may not be as constant as suggested by those authors. Hence multiple mechanisms may be implicated. An increased level of pump inhibitor may thus be of specific clinical interest, which justifies use of our method.
Finding increased inhibition of ouabain binding in some normotensive offspring of hypertensive subjects agrees with the reports of Ambrosioni et al28 and Heagerty et al,29 who observed an increased intralymphocytic sodium concentration and reduced ouabain sensitive sodium fluxes in subjects with normal blood pressure and a family history of hypertension. That finding is difficult to explain. The change may be secondary to environmental influences and particularly to dietary habits such as high sodium intake. But it may also be of genetic origin. Whether or not a genetically related inhibition of the sodium pump is a prerequisite for high blood pressure remains unclear and merits further investigation. Here also the described methodology may prove to be of help.
"Reciprocal" depression of the ST segment in acute myocardial infarction KEVIN This raises the possibility that in some cases the ST depression may not be reciprocal but may reflect myocardial ischaemia on the opposite side of the heart. There are several mechanisms that might contribute to this ischaemia. If a patient with a myocardial infarction has multivessel disease" an acute coronary
